HeLa S3 cells, a clonal strain adapted for growth in suspension culture, contain adenYlate cyclase activity that is stimulated by glucagon, prostaglandin El, and epinephrine. Total enzymatic activity and response to hormones is increased as a result of these cells being in stationary culture for several days. The parental strain of HeLa cells normally grown in stationary culture shows even greater adenylate cyclase activity. Hepatoma (HTC) cells grown in suspension culture have no detectable adenylate cyclase activity, but when grown in stationary culture they contain low, but detectable, amounts of adenylate cyclase, which is stimulated by glucagon, epinephrine, or prostaglandins. Chang's liver cells, both suspension and stationary culture, contain relatively high levels of adenylate cyclase that is stimulated byepinephrine or prostaglandin E,, with differences in activity depending upon culture conditions. Adenylate cyclase of 3T3 and L929 mouse fibroblasts respond to catecholamines, as well as to prostaglandin El, but not to glucagon. Characteristic increases in basal activity of adenylate cyclase and in activity in the presence of hormone occurred as cell density increased during stationary culture of certain cell lines, but do not occur with fluoride ion present. In addition to the influence of growth conditions and rate or phase of cell growth on cyclase activity and hormonal response, the cultured cell lines frequently showed marked differences in activity from one another; malignant cells generally exhibited less activity. It is postulated that adenylate cyclase activity may be enhanced by cell to surface contact or cell to cell interaction and that this phenomenon may represent a form of self regulation or modulation of hormonal response by a tissue.
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In previous studies from this laboratory, several cultured mammalian cell lines, including HeLa, Chang's liver, mouse embryo fibroblast lines 3T3 and 3T6 (1, 2) , primary cultures of human fibroblasts, * and rabbit lens epitheliumnt were shown to contain adenylate cyclase that was activated by catecholamines. However, the adenylate cyclase of Chang's liver cells did not respond to glucagon (1) . In addition, HeLa cells and Chang's liver cells in suspension culture and 3T6 fibroblasts in stationary culture were found to contain adenosine-3',5'-cyclic monophosphate (cyclic ANIP)-dependent protein kinase (2) .
In the present study, we report that both HeLa and rat hepatoma (RTC) shown). Even though the specific activity was low, the stimulation of enzymic activity of the HTC cells grown in stationary culture by hormones and prostaglandins was consistent. Determination of adenylate cyclase activity and other details were described in Table 1 . * Cyclic AMP, phosphoenolpyruvate, and pyruvate kinase were omitted from assay incubation. Determination of adenylate cyclase activity and other details were as described in Table 1 . * Cyclic AMP, phosphoenolpyruvate and pyruvate kinase omitted from assay incubation.
The very poor response of the HTC-cell cyclase to fluoride ion and its relatively greater response to hormones suggest that the receptor sites for epinephrine and for glucagon in the cells grown in stationary culture are intact, but that the low activity may be due to defective, or a reduced number of, catalytic sites. We have recently found cyclic AMP-dependent protein kinase to be present in HTC cells grown either in suspension or in stationary culture (M. I. Klein and M. H. Makman, unpublished studies). Thus, the inability of glucagon, epinephrine, or cyclic nucleotides to induce tyrosine aminotransferase (3) may be due to a block in the action of cyclic AMP at a subsequent or separate site, or possibly to the high levels of cyclic nucleotide phosphodiesterase that we find in these cells.
The appearance of adenylate cyclase in hepatoma cells grown in stationary culture could represent either an induction of a totally new activity or an increase of activity to a detectable level. In either case, the genetic information must already be present before transfer to stationary culture.
The results with both HeLa and hepatoma cells indicate that cell to cell or cell to surface interactions may play a major role in the hormonal responsiveness of the cell membrane.
Adenylate cyclase activity in Chang's liver cells; influence of culture conditions and cell density on response to hormone and to prostaglandin El A different pattern of alterations in adenylate cyclase activity occurred when a cell line with high catecholamine activity in suspension culture (Chang's liver cells) (1) was transferred to stationary culture. Previous preliminary data indicated that the Chang's liver cells grown on glass had higher adenylate cyclase activity when assayed in the presence of NaF and lower basal activity than did suspension cultures grown in the same medium (1) . The' data in Table 2 confirm these observations for stationary cultures grown on plastic surfaces either in spinner or monolayer medium. Furthermore, these changes, which resulted in greater percent stimulation of adenylate cyclase activity by both epinephrine and fluoride ion, occurred within 2-4 days after transition to stationary culture (Table 2 , lb) with no further increase in activity when cells were kept in stationary culture for several weeks or more (Table 2, lc). In the case of the enzyme from suspension cultures, stimulation of activity by prostaglandin El was small but significant (P < 0.01), but stimulation was considerable in stationary culture. Glucagon did-not stimulate adenylate cyclase from Chang cells, either in these or in previous studies (1).
Chang's liver cells in suspension culture showed no change in cyclase activity during growth from (0.3 X 100 cells/ml) to maximal (about 1.3 X 100 cells/ml) cell concentration ( Table 2 , 2). In contrast, cells in stationary culture showed an increase in both basal and catecholamine-stimulated enzyme activity, but not in NaF-stimulated activity, as cultures grew from low to high cell concentration (about a 12-fold increase in number of cells per plate).
Adenylate cyclase of fibroblasts; influence of culture conditions and cell concentration on response to catecholamines and to prostaglandin El We previously reported that catecholamines stimulated adenylate cyclase activity in certain cultured fibroblasts (1) . Additional studies have shown that both mouse L929 fibroblasts and 3T3 fibroblasts in stationary culture contain adenylate cyclase activity that was stimulated by both epinephrine and by prostaglandin E1 (Table 3) .t Glucagon did not stimulate the activity of any one of these cell lines. The response of L929 cells to prostaglandin E1 was much greater than that of any of the other cell lines studied here. In all other respects, the L929 cells, a mouse cell line transformed by carcinogens, had lower cyclase activity than nonmalignant cell lines 3T3 and 3T6 from mouse embryos, and also primary cultures of human embryonic lung fibroblasts (Table 3 ). In addition, growth of L929 cells in the presence of dibutyryl cyclic AMP under conditions that restored to these cells several normal morphological characteristics, as described by Johnson et al. (9) , did not restore or increase to normal the adenylate cyclase activity in these cells (Table 3) .
In 3T3 fibroblasts both basal and catecholamine-stimulated adenylate cyclase activity, but not NaF-stimulated activity, increased as the rate of cell proliferation decreased, due to contact inhibition (Table 3) . These results were similar to those described above for Chang's liver cells, in which true Proc. Nat. Acad. Sci. USA 68 (1971) contact inhibition did not occur (Table 2) . Other experiments with 3T6 fibroblasts, a line that exhibits little contact inhibition, also showed increased activity when cells were grown to a single cell layer but, subsequently, activity decreased in older multilayered cultures (data not given). Very old cultures of most fibroblast lines, as might be expected, showed decreased activity.
Enhancement of adenylate cyclase activity resulting from cell to cell interaction as a possible regulatory mechanism for cell growth Additional information pertinent to the present report has been obtained in studies of primary cultures of epithelial cells from rabbit lens that exhibit marked contact inhibition and form a true monolayer.n When contact-inhibited and stimulated by catecholamine, these cells had a relatively stable adenylate cyclase activity that was considerably lower than that in rapidly proliferating cells.t However, during growth, an initial increase in activity occurred at first, at which time cell to cell contact was observed. This was followed by decrease in cyclase activity during a phase of crowding of the monolayer before cell proliferation ceased.:
In studies with different cultured fibroblasts and epithelial cells, no definite or simple relationship was detected between contact inhibition and the activity of adenylate cyclase, even though cyclic AMP may itself have an influence on contact inhibition in some cells (9, 10) . On the other hand, our studies indicate that cell to surface contact, cell to cell contact or interaction, and perhaps moderately high cell concentration enhance or induce adenylate cyclase of cells. These effects occur both in the presence and absence of hormones.
Enhancement of cyclase activity might result from a more favorable conformation of hormonal and catalytic sites on the cell membrane, or from induction of activity as a result of some chemical and/or physical change due to contact or environment. In contrast, in another system, we find that incubation of mouse lymphoid cells with phytohemagglutinin (7), concanavalin A, N-acetylgalactosamine, or a-methyl-Dmannopyranoside results in a marked decrease in adenylate cyclase activity (M. H. Makman, unpublished observations). These inhibitory substances are known, for example, to influence cell to cell interactions, as reflected by production or prevention of agglutination of cells (11, 12) . However, the relationship of their effect on cyclase to the phenomenon of enhancement of activity reported here is not clear. It is postulated that cell to cell contact or interaction, possibly also the mere contact of cells with a surface, in some manner may modulate the hormone sensitive adenylate cyclase of the cell, thereby affording a mechanism of self-regulation. This type of mechanism may play a role in the control of tissue growth and organogenesis.
